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实际应用，尚有若干关键技术问题亟待解决：1) TiO2 带隙较宽(Eg=3.0-3.2 eV)，
只能吸收波长小于 387 nm 的光，而太阳光谱中占大部分能量的可见光未能有效














米管阵列膜的阴极保护性能明显优于纯 TiO2 纳米管阵列膜。 


















电效率。在光照下，PTH/TiO2 纳米管复合光阳极对 403 不锈钢的阴极保护作
用明显优于 TiO2 纳米管光阳极，在可见光条件下，而 PTH/TiO2 纳米管复合
光阳极对 403 不锈钢具有一定的阴极防护作用。 
3. 采用连续离子层吸附反应法在 TiO2 纳米管表面复合 CdS 纳米膜层，通过电化
学法(恒电流法)在 CdS/TiO2 表面沉积聚噻吩(Polythiophene)，成功构筑了
PTH@CdS/ TiO2 复合纳米管阵列膜，有效拓展了 TiO2 纳米管阵列膜的光响应
范围。 
















Corrosion of metals causes enormous economic losses, environmental pollution 
and waste of resource in the society. The traditional methods of anti-corrosion for 
metals encounter some shortcomings. Therefore, the development of 
environment-friendly anti-corrosion techniques for metals is of scientific and 
industrial significance. Since the concept of photogenerated cathodic protection of 
metals was reported in 1995, that the metals coupled with TiO2 nanofilms have been 
attained for photogenerated cathodic protection based on the injection of 
photogenerated electrons excited by light illumination. Such techniques, which need 
neither applied current nor sacrificial anode, become a hot topic in the research of 
anti-corrosion techniques. However, to achieve the practical application of this 
technique, some crucial bottlenecks and technical problems should be solved, 
including: 1) the wide band gap (Eg = 3.0-3.2 eV) of TiO2 limits the 
photoelectrochemical activity within the UV region; 2) due to the fast combination 
rate of photogenerated electron-hole pairs, the photo quantum efficiency of TiO2 is 
very low; 3) in dark condition, TiO2 cannot maintain an effective potogenerated 
cathodic protection. 
The main goal and motivation of the present work were to extend the 
photoresponse range of TiO2 into visible range and restrain electron-hole combination. 
The methods of substitutional doping and narrow band gap semiconductors coupling 
had been used to shift the photoelectrochemical activity of TiO2 to the visible light 
region. The modificated TiO2 films were characterized by SEM, XRD, XPS, UV-vis 
absorption spectroscopy and the photocurrent spectroscopy. The main progress and 
results of this work are outlined as follows: 
1. The highly ordered TiO2 nanotube layer was fabricated by potentiostatic 
anodization of pure titanium in fluorinated electrolyte solutions and doped Co2+ by 















method and diping treatment. The Co-doped TiO2 composite films showed a 
strong photoresponse in the visible light range and a higher photoelectric 
efficiency. The open-circuit potentials of 403 SS (stainless steel) coupled with the 
Co-doped TiO2 composite films shifted negatively under light illumination. It was 
indicated that the Co-doped TiO2 composite films were able to effectively create a 
photogenerated cathodic protection for metals under light conditions. 
2. The polythiophene-TiO2 composite films were successfully prepared by a 
two-step electrochemical process of anodization and electropolymerization, in 
which a highly ordered TiO2 film was deposited with a poythiophern layer by 
electropolymerization in the boron fluoride ethyl ether electrolyte. The composite 
films provided a distinct photoresponse in the visible region and a higher 
photoelectric efficiency in UV region. The open-circuit potentials of 403 SS 
(stainless steel) coupled with the PTH/TiO2 composite films shifted more 
negatively than coupled with pure TiO2 under light illumination and offer a 
photogenerated cathodic protection under visible light illumination. It meant that 
the PTH/TiO2 composite films were able to create a effective photogenerated 
cathodic protection for metals under regular sunlight conditions. 
3. The CdS/TiO2 composite films were fabricated by potentiostatic anodization, 
following deposited with CdS layer by the SILAR method. The CdS/TiO2 
composite films have a strong photoreponse in the visible light range, due to the 
photosensitization of CdS. The PTH@CdS/TiO2 composite films were perpared 
by electropolymerization, in which the CdS/TiO2 composite films were deposited 
with poythiophene layer by electropolymerization in BFEE electrolyte. The 
PTH@CdS/TiO2 composite films presented a stronger absorption in UV region. 
Keyword: TiO2 Nanotube Array; Co2+ doped; Photogenerated cathodic protection for 
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2%~4%。美国每年因腐蚀要多消耗 3.4%的能源[2]。我国 2007 年因腐蚀造成的经







































晶型结构，都属于四方晶系。金红石晶型结构如图 1.1 所示，Ti4+位于由 O2-组成




Ti4+的配位数为 6，O2-的配位数为 3，与其他八面体共棱数为 4[13]。 
锐钛矿型与金红石型 TiO2 的配位体都是[TiO6]八面体，而金红石的[TiO6]八





图 1.1 金红石和锐钛矿的晶型结构[13] 
Fig. 1.1 Bulk strutures of rutile and anatase. The tetragonal bulk unit cell of rutile has the 
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